Abstract The atropine-resistant contraction of the alimentary canal, first reported by CAMPBELL (1966) and subsequently confirmed by others, was examined in dog in vivo. The gastric and colonic motor excitations were examined by stimulating the extrinsic nerves, the medulla oblongata or the spinal cord and its roots. Prolonged stimulation of the vagus, medulla oblongata or splanchnic nerve, thoracic cord and its dorsal root produced excitation of the gastric motility even after intravenous injection of sufficient atropine, although the intensity and frequency of peristalsis were slightly reduced. Prolonged latent periods were characteristic of the atropineresistant excitation in the stomach, the latency being 29.8-49.4 sec as compared to 2.3-14.5 sec in control (without atropine). On the other hand, the colonic excitation induced by the stimulation of the pelvic nerve, or sacral cord and its ventral root was not inhibited by atropine; no prolongation in latency and reduction of peristalsis was observed.
The atropine-resistant contraction was first reported by CAMPBELL (1966) in the taenia coli of the guinea pig. Later, AMBACHE and FREEMAN (1968) observed the same response in the ileum of the same animal spieces. Subsequently, it was confirmed in different regions of the alimentary canal, i.e., esophagus (LUND and CHRISTENSEN, 1969) and colon (FURNESS, 1970) in various animal species. The above-mentioned observations were made in isolated preparations by stimulating intrinsic nerves. More recently, the same phenomenon has been demonstrated by stimulation of the extrinsic nerves, e.g., the vagus or the branch of pelvic nerve in isolated chicken esophagus (HASSEN, 1969; BARTLET, 1974) , proventriculus (NAKAZATO et al., 1970) and rectum (BARTLET, 1974; TAKEWAKI et al., 1977) . In this study we observed the atropine-resistant responses of the whole stomach and colon by stimulation of the extrinsic nerves, medulla oblongata or spinal cord of the dog in vivo. Some different features were observed in both organs.
T. SEMBA and T. MIZONISHI METHODS Eighty-nine dogs of either sex, weighing between 5 and 12 kg, were used under anesthesia with sodium pentbarbital (Nembutal, Abbott; intravenous administration of 25 mg/kg body weight). The movements of the stomach and distal colon were recorded by means of a balloon-pressure transducer (Nihon Kohden MPU-0.5), an electronic manometer (Nihon Kohden MP-3A) and an ink-writing oscillograph . At the same time, they were monitored by water manometer. The blood pressure was recorded from the common carotid artery by an electronic manometer (Nihon Kohden MP-3A) and a mercury manometer. The cervical vagus, medulla oblongata or splanchnic nerve, thoracic cord and its dorsal root or pelvic nerve, sacral cord and its ventral root were stimulated peripherally with square pulses of an intensity of 3-20 V, pulse width of 0.5-1.0 msec and frequency of 5-100 Hz which were generated by a stimulator (Nihon Kohden MSE-3). To stimulate the nerves, a bipolar electrode was employed. On the other hand, to stimulate the medulla oblongata and spinal cord, a unipolar electrode, consisting of an enamelled tungsten wire with a diameter of 25 i (North America Philips, No. LG 51) which was bared only the tip, was employed. The indifferent electrode was placed in the neck musculature. The stimulated positions in the medulla oblongata, thoracic cord and sacral cord were examined histologically after staining by the methods of Kluver and Barrera (GURR, 1960) and Nissl (GURR, 1960) . As the inhibitory action of the heart, induced by stimulation of the vagus, could be blocked by atropine at a dose of 10-5 g/kg body weight in the dog, atropine sulfate (Merck) of 10-5-10-4 g/kg body weight was usually injected intravenously.
RESULTS

Stimulation of the vagal nerve and medulla oblongata
In the experiment illustrated in Fig. 1A , the left cervical vagus was stimulated peripherally by means of a bipolar electrode. Blood pressure fell immediately from 120 to 48 mmHg after the onset of stimulation. Bradycardia occurred simultaneously. Augmentation of gastric motility was induced within 3 sec after the onset of stimulation. Intragastric pressure was elevated from 120 mmH2O to reach 600 mH2O, which was sustained for 320 sec. Frequency was reduced from 6 to 3 per min. Intravenous injection of atropine did not abolish the augmentation of gastric motility produced by stimulation of the same nerve, although inhibitory action to the heart was abolished. On prolonged vagal stimulation for 100 sec, intragastric pressure was elevated from 130 to 450 mmH2O ; this was sustained for more than 300 sec, though intensity and frequency of peristalsis were reduced as compared to the control. The augmentation was preceded by a slight inhibition of peristalsis in this case, but this was not observed in another example. Prolongation of latency was characteristic after the injection of atropine, and in this example it increased to 28 sec (Fig. 1B) . Excitatory response of gastric motility induced by stimulation of the vagal nerve after atropine injection was observed in all cases. The latency after atropine injection averaged On the animal which had been transected at the lower region of the cervical cord, the central region of the right ala cinerea in the medulla oblongata was stimulated by means of a unipolar electrode inserted into 1 mm in depth from the dorsal surface. Blood pressure fell from 110 to 102 mmHg and bradycardia occurred.
The augmentation of gastric motility was induced after a latency of 7 sec. Intragastric pressure was elevated from 95-370 mmH2O to a maximal level of 640 mmH2O; this was sustained until the end of stimulation.
Five minutes after intravenous injection of atropine, the same site was stimulated without removing the electrode. Intragastric pressure was elevated from 108-125 to 115-186 mmH2O after the latency of 23 sec, while no inhibition of heart action was observed. The excitatory response of the gastric motility was reduced remarkably by atropine. Prolongation of the latent period was observed (latency : 16 sec). Histological examinations revealed that the sites of electrode which produced the excitatory response was located in the lateral part of the dorsal nucleus of vagi. The sites which produced excitation after injection of atropine are shown in Table 1 and illustrated in Fig. 2 . They were almost located in the lateral and Table 1.) medial part of the dorsal nucleus of vagi, the nucleus tractus solitarii and the dorsal region of the reticular formation. In some cases, the excitatory response elicited by the stimulation was seen to be completely abolished by atropine.
2. Stimulation of the splanchnic nerve, thoracic cord or dorsal root of thoracic cord In general, the efferent stimulation of the splanchnic nerve, produced inhibition of the gastric motility. However, after application of nicotine to the celiac ganglion, this inhibitory response was reversed to the excitatory response when examined by the splanchnic stimulation. The left splanchnic nerve was stimulated peripherally by means of a bipolar electrode. The excitatory response was obtained without application of nicotine to the celiac ganglion. Blood pressure increased from 60 to 95 mmHg. Intragastric pressure was elevated from 60-120 to 406 mm1120 with a latency of 3 sec and this was sustained for 60 sec after termination of stimulation (Fig. 3A) . Stimulation of the same nerve after injection of atropine produced a rise of blood pressure from 78 to 120 mmHg. Intragastric pressure rose from 50 to 198 mmH2O with a latency of 33 sec (Fig. 3B) . Thus, the contraction of the stomach was reduced in intensity, and the latency of the excitatory response was prolonged by about 30 sec after the injection of atropine.
The left dorsal root of T-9 was stimulated peripherally by means of a bipolar electrode. Intragastric pressure was elevated from 172-302 to 455 mmH2O with a latency of 12 sec. After injection of atropine, stimulation of the same nerve produced an excitatory response with a latency of 37 sec. Intragastric pressure elevated from 185-190 to 250 mmH2O. The gastric contraction was reduced and the latency prolonged by about 25 sec after the injection of atropine. The spinal cord was previously transected at the level between T-6 and T-7 and at the level between T-9 and T-10, respectively, and the bilateral ventral roots from T-6 to T-12 were severed totally. A unipolar electrode was inserted 0.5-1.0 mm into the dorsal surface in the region of T-9 and was stimulated. No inhibition of the heart was observed, but the excitatory response of the gastric motility was produced, i.e., intragastric pressure was elevated from 202-304 to 380-402 mmH2O with a latency of 8 sec. After injection of atropine, stimulation of the same site, without removing the position of electrode, produced elevation of intragastric pressure from 180-204 to 210-345 mmH2O with a latency of 28 sec. Table 2 and illustrated in Fig. 4 . In some cases, however, the excitatory response was completely abolished by atropine. (Fig. 5A) . After intravenous injection of atropine, the Table 3 . Number of sites which produced atropine-resistant excitation of colonic motility to stimulation in the sacral cord according to histological examination. Table 3.) same site was stimulated without removing the electrode. The intraluminal pressure was elevated from 163 to 530 mmH2O with a latency of 0.5 sec. No remarkable change was seen in intensity of peristaltic contraction and in latent period. Blood pressure rose from 148 to 155 mmHg, and then fell to 135 mmHg. Bradycardia was not observed (Fig. 5B) . In the same animal, stimulation of the vagal nerve in the cervical region did not produced any inhibition of the heart. This indicates that the dose of atropine was sufficient to abolish the vagal effect to the heart. Histologically, it was ascertained that the stimulated site was located in Table 4 . Comparison of latent periods of the stomach and colon before and after atropine injection.
the sacral parasympathetic gray. The distribution of 18 sites which produced excitatory responses of the distal colon after injection of atropine is shown in Table 3 and illustrated in Fig. 6 . They were mostly found in the sacral parasympathetic gray followed the myoleioticus medial nucleus.
It has been generally accepted that the excitatory transmission to the smooth muscle of the alimentary canal is mediated by cholinergic mechanisms (DALE and FELDBERG, 1934) . The present experiments demonstrated that intravenous injection of atropine in dogs did not prevent a somewhat delayed excitatory reaction of the stomach and colon. The atropine-resistant contraction demonstrated in the isolated muscle preparation by the intrinsic nerve stimulation (CAMPBELL, 1966; AMBACHE and FREEMAN, 1968; FURNESS, 1970) was confirmed in the whole stomach and colon by stimulation of extrinsic nerves or their centers in vivo experiment.
In the medulla oblongata, the sites which elicited the atropine-resistant excitatory gastric motility on localized stimulation were limited to the region of the gastric regulatory motor center (SEMBA et al., 1969) . However, effects of stimulation of the medullary gastric motor center after injection of atropine could be observed in both instances, i.e., in one instance, the excitatory response was completely abolished and in another instance, the excitatory response could not be abolished by atropine. The former is the cholinergic response and the latter is the atropine-resistant response. These suggest that the cholinergic and atropineresistant response may each have a different origin in the medulla oblongata. AMBACHE and FREEMAN (1968) suggest that Dogiel's Type I cell of Auerbach's plexus might be responsible for atropine-resistant contraction. The relationship between Dogiel's Type I cell and the gastric motor neuron in the medullary center may be a problem of future study.
The excitatory gastric motility was observed following stimulation of the intermedio-lateral nucleus, dorsal nucleus and intermedio-medial nucleus in the thoracic cord (SEMBA et al., 1970) . The present experiments demonstrated that atropine-resistant excitation of the gastric motility could be produced by stimulation of the intermedio-lateral nucleus and formatio-reticularis spinalis. Stimulation of the gastric motor center of the thoracic cord produced excitatory gastric responses in two instances as well as in the case of stimulation of the medulla oblongata. In one case, the exatation was abolished by atropine, but in another case, atropine did not prevent contractions of the stomach. Thus, the cholinergic fiber and atropine-resistant fiber may be admixed in the splanchnic nerve passing through the dorsal root originating from the thoracic cord. It had been demonstrated previously by SEMBA and HIRAOKA (1957) that the excitatory fiber to the stomach passed through the dorsal root of the thoracic cord.
Stimulation of the sacral cord produced prompt contraction of the distal colon. The sites stimulated were found to be located mainly in the sacral parasympathetic gray and myoleiotic medial nucleus, and others were found in the afferent nucleus in the dorsal region of the sacral cord. The excitatory fibers to the colon are believed to originate from the sacral parasympathetic gray and myoleiotic medial nucleus in the sacral cord and to admix with the pelvic nerve passing through the ventral root from the sacral cord (JACOBSOHN, 1908; MASSAZZA, 1922; CROSBY et al., 1962) . After injection of atropine, stimulation of the sacral cord produced excitation of colonic motility without exception, and no difference could be observed in response of the colon before and after injection of atropine. This suggest that a greater part of the nerve fibers originating from the sacral parasympathetic gray and the myoleiotic medial nucleus are atropine-resistant.
In the stomach, atropine caused marked decreases in both intensity and frequency of contractions evoked by nerve stimulation. However, in the colon, intensity of excitation evoked by stimulation of the pelvic nerve or its center did not change before and after injection of atropine. Similar atropine-resistant responses are known in the urinary bladder (LANGLEY, 1911; HENDERSON and ROEPKE, 1934; BURNSTOCK et al., 1972) . The latency of atropine-resistant excitatory gastric responses to nerve stimulation was within 29.8-49.4 sec as compared to the control value of 2.3-14.5 sec. However, in the distal colon, the latency in the presence of atropine was 3.3-8,5 sec, the values being not significantly different from the control values (Table 4) , Thus a great difference was seen in the latency and intensity of the atropine-resistant responses between the stomach and colon. In the former, the prolonged latency and weakened response were observed, while in the latter, a short latency and intense response were observed. Further study should be made on the nature of this difference using the isolated muscle preparations of the stomach and colon.
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